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Abstract

Programming client-side applications based on composimitswof distributed software is an important research issue
in the Grid computing community. In this context, it is a keguirement to provide application developers with high-
level programming models and frameworks which are well sujg by the underlying Grid architecture. In this paper
we present an approach that applies a component model to igven& Grid Environment, a Web service based Grid
environment, which enables the provision of parallel amgtions as QoS-aware Grid services, whose performance
characteristics may be dynamically negotiated betweenientlapplication and service providers. Our environment
comprises Grid services, a distributed component framkwamd a component-based, client-side programming framewo
Our component model follows the Common Component Architeend allows to explicitly express and dynamically
manage context dependencies with respect to the hostingmment, computational resources, as well as dependsncie
on other components. This mechanism serves as a basis fependent service deployment, service selection and
composition. Our work can be seen as a first step towards a eoemi-based programming model for service-oriented
Grid infrastructures utilizing standard Web services teclogies.
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[. Introduction

In recent years, Web service technology has gained more anglimportance in the area of Grid Computing. The Open
Grid Service Architecture [1] developed within the Globald3Forum has motivated Grid architects to build environtsen
based on a service-oriented architecture utilizing Webisertechnology. A significant development in this direntivas
the evolution of the Globus toolkit [2] towards the Web SeevResource Framework [3]. While efforts are on the way
aiming to develop a general architecture for computati@rads (OGSA [4], OMII [5]), there is currently little consens
on suitable programming paradigms for Grid applicationali@ment [11].

Grid middleware is still very complex to use and often regsiusers having a detailed insight into the Grid infrastnect
This drawback motivates the development of appropriatgnaraming models for Grid environments. Grid computing
requires methodologies allowing end users to constructposite Grid applications based on basic operations such as
creating and interconnecting remote resources. Howewgls @re mostly built following a service-oriented arcbiteae
using Web services technology which has not been designétl ttte idea of a component-based plug-and-play client
programming framework. Services are typically discovedgdamically rather than created, they further do not previd
means to describe dependencies for example on other serWh service technology provides a versatile messaging
facility but currently lacks an extensive component modgbliable to service composition. From a client's point of
view we argue (as discussed in [6]) that a component-basEgiganming would be a well suited paradigm for client-side



Grid applications construction. In this paper we presenaitecture and prototype implementation that applies su
a component model to a Web service based Grid infrastruclime system represents distributed application servises a
composable components attempting to satisfy the compatedimition given in [7].

Our component model follows the Common Component Architec{CCA) [8] and allows to explicitly express and
dynamically manage context dependencies [7] concerniaghtisting environment, computational resources, as well as
dependencies on other components. We therefore provideedeiiiterfaces and mechanisms to configure and deploy a
VGE component.

Our infrastructure is based on the Vienna Grid Environm&@GE) [9], a Grid infrastructure for the provision of
parallel applications as Grid services over standard Webicgetechnology. The VGE service provision framework is
currently being utilized in the GEMSS Project [10] for theidprovision of advanced medical simulation services. Most
of these applications consist of various steps of execygom mesh generation, data analysis, visualization) ivban
be separately deployed as Web services using VGE.

We describe an approach allowing a well defined configuratimh independent deployment of VGE application Web
services. We further explain how service dependencies @gcomponents, data) can be gathered by a CCA based
distributed component framework and being utilized fordapplication composition. By integrating a component nhode
we want to provide clients with a component-based progrargrenvironment and hide implementation details of the
service-oriented Grid system.

The remainder of the paper is organized as follows: Sectidmi¢fly explains the VGE service provision framework.
The VGE component model is examined in section Ill. Sectidrdéscribes the distributed component framework and
Section V sketches the client-side programming model. Audision on related work is given in section VI. Conclusions
and future work are presented in section VII.

[I. VGE Service Provision

As a key feature, VGE supports a flexible QoS negotiation hatiech enables clients to negotiate dynamically various
QoS guarantees with potential service providers. In ordgrbvide support for performance guarantees, a VGE service
relies on an application-specific performance model tavese the execution time for a specific service request. In the
following we briefly describe the architecture of VGE sees@nd the service provision environment. For a more ddtaile
description of VGE the reader is referred to [9].

A. Generic Application Web Services

At its core, a VGE application service follows a generic a&gilon service model and exposes a native application as
a Web service to be accessed by multiple remote clients beenternet.

The application service provides generic operations fomj@mnagement, data staging, and optional operations for err
recovery and QoS support. Figure 1 shows the interfaces peditions a VGE service provides.

The operations upload and download are used for uploadimpat data to a service and downloading of output data.
The operation push is provided for data staging betweeer@ifit services. The execution of a remote application can be
initiated by calling start and stopped by calling kill. Thpevation getStatus allows the client to download an apiioa
specific status file. The operations provided in the erroovery interface enable clients to control checkpointing an
restarting of applications. The operations of the intexfQoS are optionally used during QoS negotiation. The behavi
of these operations is customized for a specific applicdippmeans of an XML application descriptor.

B. Application Descriptor

An application descriptor is an XML document that providestandata about an existing application and it's com-
putational resource. The information provided in an agi@ descriptor defines the semantics of the operations of a
generic application service and enables the VGE serviceigiom framework to expose an application automatically as
a Web service. The application descriptor is the applicaipecific part of the service environment, interpreted ey th
service provision framework and mapped against the gensgibods. VGE further provides descriptors concerning Web
service technology which allows configuring concerns eglaio Web service deployment (e.g. provided interfaces) or
WS-security.



<<interface>> <<interface>> <<interface>>
JobHandling QoS ErrorRecovery
upload() requestQosOffer() checkpointUpload()
download() confirmQosOffer() checkpointDownload()
start() cancelQoSOffer() restart()
kill() B —
pull( AN ‘ -
push() DN
getStatus() oL

ApplicationService

Fig. 1. Generic Application Service

An application descriptor usually specifies the input/otides, the script for initiating job execution, and scsifior
gathering status information. Theonput e- r esour ce- manager element may be used to specify an interface to a
resource scheduler. Currently NEC's COSY [13] and the MAWA][scheduler are being utilized. For QoS support, e.g.
execution time guarantees, a set of request parameterspdaifying request meta data, and a set of machine paraneter
have to be specified. In order to allow dynamic service seledbased on performance characteristics, a client may
invoke the operationequest QoSO f er and supply actual values for the request parameters. Thgsest parameters
are fed into the machine-specific performance model to pkdaai estimate of the execution time. In order to support
service selection based on performance characteridtie$ramework may initiate a QoS negotiation with multiplevése
providers by invoking corresponding operations of the Quirface (see Figure 1).

Figure 2 shows a simplified excerpt of an application desaripnformation such as input/output files, data formats,
etc. are required for interconnecting services and haveetcdmmunicated to the client framework by the component
system.

C. Web Service Technology

VGE makes use of open-source frameworks such as Tomcat [ib]Aais [16] to provide HPC applications over
standard Web Service technology (SOAP, WSDL, WS-Secufiy) large file transfers SOAP attachments are utilized. QoS
contracts are formulated as an XML document following théo\8ervice Level Agreement [17] (WSLA) specification. An
operational PKI infrastructure based on X.509 certificgtesvides transport and message layer security. The afiplica
services are implemented as stateless Web services agiomg ai stateful resource (e.g. an application installed on a
computer cluster), which is conceptually equivalent to iechanisms defined by the Web Service Resource Framework
[12].

lll. A Component Model for Grid Services

In general, Web services are highly self-contained as timdy expose information relevant to accessing their ports bu
do not provide ways to specify dependencies to the hostingamment or to other components. This characteristic has
the advantage that standalone applications can be easilg mailable as services. If a Web service encapsulates logi
which has local dependencies (e.g. to the operating sydtemh}annot be expressed in a uniform way, the service may
not be deployable without cumbersome adaptations forréiffehosting environments. The concepusfes port s like
it is used by the Corba Component Model (CCM) [18], or the C@jch allows a component to specify dependencies
to provi des ports of other components, is currently not addressed by Web aeiteichnology. Integrating such a
mechanism would allow a service to make implicitly use of meo&e computation at runtime, for example retrieving data
from a remote monitoring service, which might be found dyitalty or configured at deployment time. Furthermore,
component-based-programming by interconnegiingvi des anduses port s could be explicitly utilized via a client
programming environment, which provides a simple and efficivay to construct composite applications.

For VGE Web services we are developing a component model&ig§) that provides interfaces for configuring
parameters concerning the Web service (e.g. security)legalvell as providing meta-data describing the wrapped@ati
application installed on the computational resource (seai@ 11-B). The VGE component model further supports the
concept ofpr ovi des anduses ports and fits into a CCA based distributed component framework th@nages



<application>
<configuration>
<working—directory>
<path>/home/...</path>
</working—directory>
<input-files>
<file>
<name>TiH2.in0</name>
<ffile>

</input-files>
<output-files>
<file>
<name>TiH2.out0</name>
<[file>

</output-files>
<job-script>
<path>/home/rainer/...</path>
</job-script>
<finish-flag>
<name>finish</name>
</finish—-flag>
</configuration>
<performance>
<performance-parameters/>
<machine-parameters>
<number-of-nodes>...
</machine—-parameters>

<provider-parameters>
<compute-resource-manager—class>at.ac.univie.iss...</compute-resource—manager—clas
<performance—model-class>at.ac.univie.iss.apm...</performance-model-class>
</provider—parameters>
</performance>
</application>

Fig. 2. Application Descriptor
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the components and allows to dynamically register and rembegir ports. For deployment VGE services are packaged
into a Web Application Archive which can be easily deployetbia J2EE Servlet Container without requiring additional
software being installed. Our model provides interfacesctamponent configuration and dependency specificationgtwhi
are described below.

Application Configuration Interface

Native applications are deployed as VGE services based oXMin application descriptor( 11-B). The descriptor
contains data required for job and data handling (e.g. wgrHlirectory, i/o data, library configuration) as well asiopally
information related to Quality of Service (e.g. computergse manager, performance model). A deployment tool suppo
the user to create the application descriptor and may auicaiig package, deploy, and register the Web service.

Service Configuration Interface

This interface allows configuring properties related to Webvice technology based on an XML document. It provides
for adjusting the level of Web service security (signatemgryption, authentication and authorization) a servidalsts.
Security is based on X.509 certificates and implemented bysage handlers. Furthermore, it is required to specify the
ports a service provides as well as dependencies to othecegin form ofuses port s. The provision of an additional
component interface enables the service being pluggedhiet@omponent framework.

Component Interface

The component interface provides the functionality reegiito configure a service in order to communicate with a
particular component framework and to make use of the framnkewervices. It allows a service to register itself as
component with associated meta-data and actively regastgmretrieve ports. The component functionally is providsd
library and can be added to a Web service easily be extendageployment descriptor.

Provides and Uses Ports

VGE services may expose interfaces for job handling, Qualft Service negotiation, and error recovery. For sup-
porting large input/output data, VGE Grid services use fismsfer via SOAP attachments for data exchange instead of
communicating via XML encoded documents. Based on the coemtanodel it is also possible to incorporate non VGE
services with different ports and dependencies to otherices into the environment. A service may register arbjtrar
provi des anduses ports and dynamically retrieve them from the framework, girailar way a client application uses
remote ports.

IV. Integrating Web Services with a Component Framework

The VGE component model is based on the Common Componenitédetire specification. It adopts concepts like
provi des/ uses ports, componentinterface, framework services and builderisenA CCA framework implements
defined interfaces that rule component interactions andigies the environment for components to run and communicate
Our component framework used for VGE services is implemtaie Web service itself and allows the integration of
Web services, which follow our component model, into the porrent environment (Figure 4). The idea is it to provide a
component-oriented programming environment allowingra to compose application from services, while the conilyle
of the service-oriented Grid infrastructure is hidden. Tlaenework acts as runtime broker between the applicatiomeahels
and available Grid services, and therefore has to selecappeopriate resources and establish the connections among
them.

A. Overview of System Dynamics

The component interface provides mechanisms that allowid<8rvice to contact the component framework. Services
provided by the framework can be used by components to ezdtstir provided/required ports as well as to request them
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Fig. 4. Overall System Architecture: The component-based c lient application is dynamically executed
on available Grid services.

Client - Application

dynamically at execution time (a). The client applicatioayrcomprise several components, which can be instantiated,
connected and invoked. The Builder service provided by tiaenéwork locates the services on behalf of the client
application at execution time (b) and delivers runtime vate service information (e.g. classloader, i/o charésties)
back to the involved entities (c) which allows them to intréd).
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Fig. 5. Dynamic Service Invocation: The creation of a compon ent instance may require a client to
download "glue code" to the service from the framework.

B. Mobile Proxy Mechanism

When registering a component with the framework it is pdesib associate a proxy implementation with it, which is
stored within a proxy repository at the framework. The réjoog is used to provide the client environment with a high
flexibility concerning dynamic service selection and ingtien using a mobile proxy mechanism. This is an important
issue, especially for Grid Computing, when data structgesg via SOAP are not XML encoded (e.g. for the reason of
performance), disabling clients to automatically geresaib code from the WSDL interface. Implementing mobilexs
enables our client applications to stay compliant withediit versions of VGE services by dynamically retrievingxyr
updates, and allow to incorporate non-VGE services if tludipdv the component model. We therefore extended the Java
classloader with a dynamic proxy pattern that allows thentlio access remote component libraries from the framework
(Figure 5). At execution time the client environment cotgathe framework to fill the component representation with
substantial runtime information (component id, servicdpamint, proxy class name, class loader). Invoking a method o
a component port causes the runtime engine to generate @ @allervice using the local code base. In case of a fault or
if the component is unknown to the client-side code repogitiie Java classloader dynamically retrieves an appatgpri
proxy file from the framework where the component is regedfeDynamic binding mechanisms using interface based
service discovery and proxy lookup which we have appliedvieb services are well known from Jini [19] technology.

V. Component based Programming

The client programming environment is currently providedlava API and based on the CCA builder service interface.
It offers a component-based programming model that alldvesconstruction of composite Grid applications based on



composable entities. The available resources are virelbehind the component abstractions and are selectedeby th
component framework during application execution. Thistise describes elementary concepts and operations pavid
by the client environment.

Describing the Component: As resources offered via Grid Services (especially if thayehgeneric interfaces) cannot
be specified by class or interface names uniquely, it is requio describe them also by their characteristics. For our
environment, VGE components can be described by assoaia¢aldata such as name and version of the underlying
application, input/output data format, etc. To also allbm integration of non VGE components into the environmeugt (e
a database adaptor) it is further required to specify therfates a component has to provide by an interface descripto
Such a programming model provides the advantage that thazilded resources can be virtualized by the framework and
selected at runtime on behalf of the client.

Component Creation: The cr eat el nst ance() method instantiates a component object based on a component
description. The client therefore retrieves a handle tor@c®and optionally proxy code from the component framdwor
Invoking this method further causes the creation of a clé&ssion and endpoint reference on the computational resour
(see WS-Resource Creation [12]). Components are beingdifieédnby a Conponent | d which consists of the service
handle and a session identifier. Thus, the creation of a Weliceecomponent results in the creation of a session for the
client application on the resource which can be accessed e@mponent identifier.

Component Connection: Web Service Components may have internal dependencieshen @@mponents or can be
connected explicitly by the client application usinggannect () operation. The connections between the components
could be seen as the pipes within a Pipe-And-Filter architec After an application has processed the input data and
indicates that the calculation has finished, the output filespiped by calling ush() operation to a target service
for further processing. The generated output files are 8pdaivithin the application descriptor at the service and lsan
identified at the client side by corresponding attributesest in the component object. By assigning output files to the
connections using these properties it is possible to attaghiple connections to a component.

Invoking Provides Ports: Components provide access to their ports via the genericatipe get Conponent -

Port (). The component therefore generates a proxy fir avi des port of a component which is represented as
object of the requested interface data type. This port semrtation allows to invoke an interfaces provided by a remot
service and may automatically contact the component fraoriefor proxy code if it is unknown to the client.

Decomposing the Application: The operationdest r oyl nst ance() destroys the component within the client
application and invalidates the session at the target resoDestroying the client session at the computing resowitt
automatically delete all permanently stored files and wmjatily resource reservations.

VI. Discussion of Related Work

Distributed component models such as Corba [18], EJB [20DGOM [21] are widely used mostly in the context
of commercial applications. The work on GridCCM [22] externd the Corba Component Model supporting parallel
component communications. The Common Component Architecieveloped within the CCA forum [23] defines a
component model for high-performance computing based terfate definitions. Ccaffeine [24] provides a framework
(based on CCA) for component-based programming in the afreagientific and cluster computing that supports high-
performance MPI components and uses Babel for languag®paeability between third party libraries. XCAT3 [25] is
a distributed framework that accesses Grid services e.@1QQ based on CCA mechanisms. It uses XSOAP [26] for
communication and can use ssh or Globus GRAM [2] for remotepmment instantiation. Several projects, mostly in the
workflow community, are concerned with providing/vitualig access to Web services in order to compose applications
from distributed resources (e.g. Triana [27], Taverna [K@pler [28]). Workflow systems, however, can be seen on top
of distributed architectures and programming models ag soenehow provide concepts that allow end users to utilize
these environments.

VIIl. Conclusion

We presented an environment that adds the abstraction gbaoents to a Web service based Grid infrastructure. Our
component model is based on the Common Component Archieeatud applied to VGE application services allowing
an explicit specification of context dependencies. We frtbrovide a distributed component framework as well as a
component-based client programming environment. We axpisonvork not only relevant to the Grid community but also to



people from the Web service and component-based softwgieesring communities as we did not purly address concerns
related to Grid computing but also discussed architeciasales concerning Web service configuration, deploymeit, a
interoperability as well as a component-oriented programgmmodel. Our implementation of the component model i$ stil
in prototype stage which requires further experiments aralyais being done using real world applications in order to
evaluate the potential of this concept. For future work wangb provide more sophisticated support for service delect
and composition based on QoS properties, in particularwgiectime guaranties.
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